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Preface 
I started working on this dissertation on July 2019, and these lines are written 
on late March 2020, during the COVID-19 pandemic. Every human activity must be 
considered in its timeframe. If things were “normal”, in this preface I would have 
written that I tried to incorporate in the thesis, my beliefs and opinions, regarding 
industrial rebuild, businesses optimized for long-term resiliency and not short-term 
profits, decentralized structures, local food production etc.. I am kindly asking from 
you, my tutors, to instead allow me a small slip towards another direction. Thus, 
instead of preface, in this time of quarantine:  
“Μαύρη μεγάλη μοναξιά με τόσα βότσαλα τριγύρω στο λαιμό· τόσα 
χρωματιστά πετράδια στα μαλλιά σου." Νίκος Γκάτσος, Αμοργός 
“Dark, vast solitude with all those pebbles around your neck; all those tiny 
colored stones in your hair.” Nikos Gatsos, Amorgos 
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The problem definition 
There are two problems with global projection that require immediate 
attention and a suggested solution. 
The problems 
Problem #1: Organic waste 
Organic waste is biodegradable material which comes from either plants or 
animals and is discarded because it is considered no longer useful. It can constitute as 
much as 70% of the total waste stream. The major process to deal with organic waste 
that originates from human activities is by burying it in landfills which results in 
emissions of methane due to the anaerobic decomposition that takes place (Khrisna et 
al., 2017). Methane is considered a greenhouse gas because it absorbs heat very 
effectively, so it has a severe impact on climate. Another way to treat organic waste is 
by burning it with incinerators which convert it into ash, flue gas and thermal energy. 
Flue gas contains 10%-25% by volume carbon dioxide, another greenhouse gas, plus 
some other pollutants like dioxins, carbon monoxide, nitrogen oxides and sulfur oxides 
(Khrisna et al., 2017). 
Sometimes organic waste ends up in water bodies, where the aerobic 
decomposition that takes place there reduces the amount of oxygen available to the 
aquatic organisms that live in it and so they perish by asphyxiation. The dead aquatic 
organisms turn into organic waste themselves, so the decomposing bacteria keep 
increasing their biomass in order to decompose the new material, which leads to 
further reduction of oxygen and in a downward spiral which ends with the total 
annihilation of life in the water body (Schowalter, 2016). 
Problem #2: Lack of protein in EU and its externalities 
European Union, when it comes in feeding its vast herds of productive animals 
and fish, faces a big deficit of proteins. This problem is tackled by imports of protein 
meals, and especially with genetically modified soybean meal from countries in the 
Americas, like Argentina, Brazil, Uruguay and Paraguay. To better understand their 
scale, soybean meal imports in EU come second in value only after crude oil which is 
the most valuable import. This fact leads to extensive deforestation of the tropical 
forest in these countries in order to create fields to plant soybeans. The way for this to 
happen is by slowly burning the forest, a process which produces an astonishing 18% 
of the total global greenhouse gas emissions (Silvestrini et al., 2011).  
USA is another country that EU imports soybean meal from, but to a lesser 
degree. Monocultures in the USA, and especially corn and soybean monocultures, have 
created green deserts where biological variability is greatly reduced, and ecosystem 
services seized their function (Andrén et al., 2008). Also, US soybean exports have 
been used as a medium of economic pressure, a fact that became apparent in 2018 
when Trump administration demanded from Europe to import more soybeans of US 
origin. This led to the abandonment of the EU policy to plant non-genetically modified 
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protein-rich plants like alfalfa in order to become self-sufficient and to increase the 
income of the farmers, who now return to low-yielding and non-profitable crops like 
wheat and barley and try to compete with the farmers of Ukraine, which has access to 
the European agricultural market due to Deep and Comprehensive Free Trade 
Agreement (DCFTA) since 1 January 2016. This agreement means both sides mutually 
opened their markets for goods and services based on predictable and enforceable 
trade rules. Ukraine is a major producer of cereals and sunflower (European 
Commission, 2020). 
Another protein source is the fish meal and the major producers are Peru, 
Chile, Iceland, Norway, Denmark, Angola and South Arica. It is produced by fishing 
many species of small fish like herrings and anchovy, which after an energy-intensive 
procedure are turned to meal which is very rich in protein. The price of fish meal has 
almost quadrupled in the last twenty years because its production is unsustainable, 
and the fisheries are getting depleted. The depletion of fisheries also harms local 
communities, which sometimes do not have any other way to obtain income and no 
other food source, especially in Africa. There is also the paradox of using species which 
belong to the final positions of the food chain and which already are excellent sources 
of protein as food and not as feed, leading to a great waste of resources.  
Bovine Spongiform Encephalopathy, commonly known as the mad cow disease 
which dominated the news in mid ‘90s and led to deaths of both humans (in the form 
of Variant Creutzfeldt-Jakob disease) and cows plus economic damage of hundreds of 
millions of pounds in the UK, was a result of the race to find cheap proteins in the EU, 
so meat and bone meals made from cows where fed to cows, turning them into 
cannibals. Of course, only the animals where described as “mad” and not the humans 
who created such product, an example of how individual responsibility of one species 
was shunned and turned into another species collective fault. 
From the analyses of problems #1 and #2, it can be concluded that problems 
which are apparent –like pollution and deforestation- have specific consequences 
which extend beyond the abstract term “environment” and bring the fields of politics, 
economics and business before their responsibility to end unsustainable production 
which has projections on every aspect of people’s lives. In this dissertation, the author 
will try to lay out a coherent model that can partially help in tackling the 
aforementioned problems from the side of business and the model of cyclical 
economy. 
The solution 
In the last few years, there is a notion that the production of insect protein in 
industrial scale will be the solution in both problems. Organic waste is going to be fed 
to the insects and then the insects themselves are going to be fed to the animals. 
Nevertheless, most trials have been fruitless; they cannot increase their production in 
a sustainable way. In fact, they become part of the problem that they try to solve, 
because in order to feed the insects a) they end up using resources, mostly 
unsustainable, that could be used differently by the traditional animal husbandry b) 
creating a fully controlled environment for insect breeding increases costs and 
environmental impact but also requires heavy capital expenditure c) the mixing and 
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optimization of insects’ nutrition increases costs, because available nearby resources 
have to be discarded  and search for other, which could be far away. 
The writer proposes a model of insect breeding / culturing with low inputs, by 
using degraded food from supermarkets, farmer’s markets, byproducts of the food 
industry, spoiled animal feed etc., which are going to be fed directly to the insects, 
without the need for mixing and optimization. However, all these inputs are not going 
to be moved to the insects; the insects are going to be moved near the sources of 
organic litter in modules which can be easily carried. This is going to decrease the cost 
and the environmental impact of moving great quantities of litter by trucks. 
The species of insects used will be the Hermetia Illucens. This species of flies 
have degenerated sponging mouthparts in their adult stage, and they either feed with 
liquids such as flower nectar or they do not feed at all. Therefore, they do not spread 
diseases which are related with their nutritional choices, and their larvae, which will be 
the final product of the proposed module, can grow very fast and convert the organic 
litter into protein and frass. The frass can be used as a soil enhancer due to its 
properties.  
To test these assumptions and their economic sensibility, a module was built 
(“Panopticon”, version 1.00) and a standardized process was created. The experiment 
is described in section “The Experimental part” of the dissertation.  
 
The Business part 
Executive summary  
Time Flies is a company that participates in the cyclical economy and offers 
products and services which benefit both the user and the environment. More 
specifically the products are animal feed and soil enhancer produced from organic 
waste, while the services include recycling of organic waste and publicity for 
company’s collaborators. All these will be achieved with the use of an insect, Hermetia 
Illucens, and affordable equipment built in-house, using openly distributed designs and 
procedures.  
More specifically, the founders have built the Panopticon module, a cheap and 
compact design that uses consumer-grade technology and is easily scalable because its 
electronic board, the Warden, is always the same, no matter the size of the module. As 
time passes and needs change, the Warden is easily upgradeable, so it does not get 
obsolete. The Panopticon will house a Hermetia Illucens colony, which will produce the 
larvae that will recycle the organic waste.  
Time Flies will provide organic waste recycling services at businesses that need 
them in situ and without any charge, plus offering them publicity services for their 
contribution. Then the waste is going to be fed to the insects, which in their turn will 
produce animal feed rich in protein and soil enhancer rich in organic matter.  
The business model, except the aspect that requires low capital investment, 
relies on the facts that the pool of possible clients is very broad -farmers, breeders, pet 
food producers, supermarkets- and that the company’s products are innovative and 
offer a superior alternative to their substitutes, like soybean meal, at the same price. 
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An example of the size of the market is that soybean meal is in the second place of EU 
imports after crude oil, at over 11 million metric tons or 3.6 billion € (European 
Commission, 2020).  
 
The objectives of Time Flies are: 
 To create a stable and ever-increasing network of organic waste 
providers by providing recycling and publicity services 
 To reach production capacity of 2 tons/day of larvae in one year, a size 
that allows the service of a local customer base, an achievable goal for the 
current equipment. 
 To expand geographically in areas that the breeders are located. 
The founders and the board of directors of Time Flies are a team with field 
experience, hard skills, industry connections and strong academic background. Their 
aim is to build a successful innovative company which can withstand future challenges 
and be a part of their solution at the same time. 
The company 
The functions that are described above will be incorporated into a company 
called “Time Flies”. The company’s vision originates from the belief that humanity 
must start acting immediately to tackle environmental problems because there is no 
time left and this includes our product, flies, too!  
Its vision can be stated in a few words and by paraphrasing a saying: To feed 
everyone in the world without taking the bread out of anyone’s mouth. There are 
people in the world who are hungry and people who discard food (Neff et al., 2015). 
The vision is that both will be a thing of the past in a few years. 
Time Flies’ mission is the compromise of the conflicting aspects of food 
production by using an emergent model based on the confluence of the local needs 
with local manufacturing and automation technologies, resulting in global 
sustainability. 
 
The values that will guide the company to fulfill its vision are: 
 Focus on impact. It is mandatory for the company to make an impact if 
it is to fulfill its vision.  
 Client value generation. As it will be described below, Time Flies will 
offer many ways to its clients to create value. This is a non-stop procedure, and 
the personnel of the company must be vigilant to adapt to the challenges that 
the future brings. 
 Display urgency. The climate crisis is here, and something must be done 
quickly, because time flies. This is diffused into the company’s functions, where 
every task has to be on-time, in order to achieve a lean logistics chain. 
 Enhance environmental awareness. The role of the business is not just 
making profits, it should also act as an agent to increase environmental 
awareness by being a voice of reason -and this includes combating the 
unscientific doomsday scenarios which are disseminated by politicians, activists 
etc. who try to avail themselves from the situation. 
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 Reliability. Time Flies’ products are new, so the prospective clients will 
hesitate to use them. The struggle to prove ourselves reliable will be 
continuous and harsh, but for the company to succeed, this must be a core 
value. 
 
The value proposition derives from the products and services of the company:  
A) Production of animal feed from insects  
B) Production of soil enhancer as a by-product of insect breeding  
C) Organic waste recycling  
D) Marketing and publicity services  
 
More specifically:  
Α) The main product of the company will be live larvae, which according to 
European law, in this form can be fed to chickens (Lähteenmäki-Uutela and Grmelová, 
2016). Their dry matter protein content is 42% (table 1). These characteristics can be 
slightly altered through nutrition. Once the company will be established and financially 
fit, there will be an expansion in larvae meal, where larvae will be dehydrated and 
ground into a fine meal which can be conserved for four months and can be included 
in compound feed which can be fed to chickens, fish, dogs and cats. The larvae are 
going to be shipped in biodegradable boxes which will be put inside the area that 
poultry resides, making feeding easy and simple, and the box in a few days is going to 
be degraded into the poultry litter. It is not possible to use reusable boxes, because 
diseases like salmonella could be spread very easily in different farms. 
 
Main analysis Unit Average Standard 
Deviation 
Min Max 
Dry matter % as fed 91.3 1.1 90.0 92.5 
Crude protein % DM 42.1 1.0 41.1 43.6 
Crude fiber % DM 7.0       
Ether extract % DM 26.0 8.3 15.0 34.8 
Ash % DM 20.6 6.0 14.6 28.4 
Gross energy MJ/kg DM 22.1       
Minerals      
Calcium g/kg DM 75.6 17.1 50.0 86.3 
Phosphorus g/kg DM 9.0 4.0 6.4 15.0 
Potassium g/kg DM 6.9       
Sodium g/kg DM 1.3       
Magnesium g/kg DM 3.9       
Manganese mg/kg DM 246       
Zinc mg/kg DM 108       
Copper mg/kg DM 6       
Iron mg/kg DM 1370       
Table 1: Nutritional value of Hermetia Illucens larvae (Feedipedia, 2013). 
 
B) The process of Hermetia Illucens breeding creates a byproduct, called frass, 
which is the insects feces mixed with some leftover feed. It contains nitrogen, 
phosphorus and potassium and is very rich in organic matter. All these ingredients are 
very useful to plants, and especially the organic matter. An 1% increase of soil organic 
matter increases harvested produce by 12%, due to the increase of microbial biomass 
and diversity (Food and Agriculture Organization of the United Nations, 2020). 
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C) Organic waste recycling is a service that will be offered to the suppliers of 
organic waste, like supermarkets, farms, farmer’s markets, restaurants, coffee shops 
and food industries. The company’s modules are going to be installed near them, so 
the waste is fed instantly to the larvae and does not have time to rot and with the 
smallest possible carbon footprint.  
 
D) Marketing and publicity services are going to be offered to the suppliers of 
organic waste. It is a way to keep organic waste de-commoditized and to not use direct 
market mechanisms because it has become apparent that they cannot solve 
environmental issues, with prime example being the Flexibility Mechanisms under the 
Kyoto Protocol. Not giving organic waste a price means that they cannot be traded 
subject to legal contract. But if, in the future, organic waste is needed by other 
industries of the cyclical economy, there will be a shortage and companies will 
compete for it with the result being the obtainment of price and probably a constantly 
elevating one due to the rising demand. Someone could say that this is desirable and 
that the goal of eliminating waste is achieved. The problem is that this will create 
another industry: the organic waste industry, companies which will spoil organic 
matter on purpose and sell their “products” to the companies that need them. This 
would move lower in the production chain, farmers would use land not for cultivating 
crops that are needed for food security but crops which require low inputs and 
produce lots of biomass. The use of land to feed insects or bio-gas facilities is no 
different from the animal husbandry model that currently exists. A very indicative 
example of the over successful cyclical economy application and its externalities is 
Sweden (Miranda and Hale, 1997). Sweden imports waste in order to keep incinerators 
running, with taxpayers’ money, instead of turning into more environmentally friendly 
energy production (Sharma et al., 2013). 
Thus, there is way to create value without a price. Marketing and publicity 
services will be offered for free to the suppliers. A special logo will be created, which 
will state that the particular company recycles its organic waste and is a member of an 
ecosystem with other businesses that also recycle. “Time Flies” will promote this to 
consumers in order to generate positive buzz and promote the sales growth of its 
suppliers, as an incentive for them to recycle and not just throw away their waste. This 
is not a permanent solution for keeping waste de-commoditized, and such approaches 
have been criticized by some theorists of ecology (Gerber and Gerber, 2017). On the 
other hand, there are some voices which propose adopting a Lockean conception of 
property in the context of waste (Steenmans et al., 2017). 
PESTLE analysis 
The external environment of Time Flies will be analyzed in order to overview 
the factors that Time Flies has to consider. 
 
 Political 
Political factors do not affect the company any different than the rest of the 
economic units. Greece is a member of the European Union and after the summer of 
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2015 when the then-government decided to ditch its leftist agenda, the country has 
clearly stated that has a pro-European and pro-liberal orientation.  
The new government, which is self-described as business-friendly, has stated 
that it will deregulate or change some aspects of business activity permissions, which 
are going to be based on environmental and social impacts and not on levels of 
annoyance (Nea Dimokratia Party, 2017). This could help the installation of the 
company’s modules in areas that is forbidden until now.  
 
 Economic 
Greece is going through a post-recessive period, but the unemployment is still 
high at 16.6%. This could help the company to find the appropriate personnel, like 
entomologists and marketeers, with lower wages than the competitors abroad, at least 
for a few years. Minimum wage in Greece is 758€ (Eurostat, 2020). Another positive 
factor is that taxes and duties are projected to fall (Nea Dimokratia Party, 2017). There 
are also slight signs of improvement in credit expansion (European Commission, 2019), 
a fact that could help Time Flies’ development. International exchange rates and 
inflation are not a concern, as Greece is a member of the Eurozone. Because Time Flies 
uses the B2B channel, and because proteins and organic matter are essential parts in 
food production, the disposable income is not affecting the company to a great extent. 
   
 Sociological 
There are some sociological aspects that could affect Time Flies severely. Insect 
feed is something new for the western societies, and there is aversion for insects and 
their products in general. There are two products that were able to surpass this 
problem, silk and honey, but the reasons for it are cultural. It would be very difficult 
and time-consuming to embed the same idea for feed from Hermetia Illucens.  
Another aspect is vegetarianism / veganism. Time Flies product is animal feed, 
so if this trend keeps increasing and meat consumption is decreased, the company is 
going to be affected. Nevertheless, there is strong evidence (Tom et al., 2016) that a 
vegetarian/vegan diet could be more harmful for the environment, so if a paradigm 
shift happens it will not affect the company. At the moment, meat consumption 
globally is on the rise (World Health Organization, 2020) and is not expected to slow 
down even in rich countries (Henchion et al., 2014). 
 Environmentalism is also on the rise in some developed countries due to the 
advancing climate change - whether human induced or not is irrelevant. There is proof 
that rich countries with colder or hotter than temperate climates tend to have a larger 
ecological footprint but also stricter environmental laws, because these societies 
understand that natural resources are the means that provide them with protection 
from harsh conditions and with lifestyle choices. Protection of the environment is not a 
priority in countries with temperate climate like Greece were Time Flies is based, but it 
will become as the climate is becoming more arid. This means that the company will 
gain more traction and the demand for its products will increase (Gazzolla, 2016). 
 
 Technological 
Technology plays a major role to the company. Time Flies is heavily reliant on 
the Internet and local communications. The Panopticon experimental module uses wi-
fi and the Internet in a rural area to transmit its status and maintain stable conditions. 
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Any advances in this field should be included to the next iterations of the module. 
Someone could also have in mind that rural areas usually lack this kind of 
infrastructure due to low public and private investments but also due to the 
inaccessibility of certain areas. The writer believes that cheap satellite Internet would 
be a game changer and would help the company to expand.  
Except information technologies, the prototype uses lots of more traditional 
industrial electrical equipment like relays and time switches. If any of these parts 
becomes obsolete, the switchboards should be reworked.  
Technological developments could appear in any time, but it should not be 
considered that Time Flies will be disconnected from its environment and that it could 
not evolve and answer to threats. Unfortunately, there is an exception that could 
create a serious handicap to the company: a biotechnological development and more 
specifically the creation of a genetically modified Hermetia Illucens strain which could 
produce more biomass than the original insect. Of course, this is not very easy and 
there are also multiple sociological  and bio-ethical variables that should be 
considered. 
Waste recycling technologies should be monitored because they could alter or 
threat the company’s business model. There is a chance that at some point in the 




The insect breeding industry is in its infancy, so parts of the legislation are quite 
blurry, or they do not exist at all. For the time being, there is the European legislation 
which expands by the method of trial and error to confront any issues that arise, so it 
is very possible that the rules will be quite different in the future. It is also very 
possible that companies in the industry will have to comply with a standard like ISO 
22000 or even a completely new standard.  
All the above could mean that structures, equipment, processes etc. could at 




Due to the climate change and the shift of the public opinion towards 
“greener” options, but also due to the pressure that construction and automobile 
conglomerates, which have powerful lobbies, apply to governments for the 
construction of clean and expensive energy producing facilities and the ban of 
conventional cars, as side effect companies which state or truly are parts of the green 
trend could benefit. Time Flies is a company that is truly a part of the cyclical economy 
and helps to tackle environmental problems. The European green deal (European 
Commission, 2020) has a timeframe of thirty years, if there are no radical changes in 
this policy, it could be said that the commitment of the EU is long term and can 
provide a stable ground to the entrepreneurs to make decisions. 
According to the analysis of the different factors analyzed above, Time Flies is 
well positioned to enjoy the advantages and benefits of green development that is 
becoming the new standard and it really is a part of this strategy and not only by 
name. There are some factors that may reserve surprises as law and technology always 
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are in permanent flux, but Time Flies can weather any storms because its business 
model aims at long-term resiliency. A prime example of this is that if the company was 
already incorporated during the COVID-19 pandemic crisis, it would be exempt from 
the lockdown (Hellenic Ministry of Development and Investments, 2020) and its 
diversified channels of acquiring raw materials would allow to continue its tasks. 
Market analysis 
 
Even though the experimental results show that larvae production is not yet 
economically viable there are still two advantages in using them: a) they are not 
genetically modified organisms (yet), so a company or farmer that needs non-GMO 
feed could use them b) can be used in biological husbandry / organic farming. From 
now on, the reader should consider that every market segment described below 
includes these two aspects, when applicable, as well. Also, they concern the Greek 
market because neighboring countries do not have developed animal husbandry 
sectors and soils deprived of organic matter. 
Using the categorization that was used for company’s products and services, 
Time Flies targets to: 
 
 Larvae and larvae meal 
 
A) Poultry farmers. This is the market segment that the company can access 
immediately and with low capital investment, because live larvae can be fed directly to 
chickens. Since the production is going to be limited at first, smaller farms should be 
considered as clients, as they will probably be able to fully cover their needs. Also, the 
biodegradable package can be useful in smaller farms where feeding in not automated. 
The number of poultry farms in Greece is about 1480 and they are located in the 
Regions of Epirus, Macedonia, Evia, Viotia and Attica (Koutoulis, 2012). 
 
B) Fish farmers. Larvae meal can be included into fish feed extruded pellets. 
Fish farming in 2014 passed the threshold of providing more than 50% of the fish 
consumed by humans and this percentage keeps increasing, so the prospects seem 
promising. But at the time that this dissertation is written, fish prices are at record 
lows due to production overcapacity, especially in Turkey, and the companies have 
amassed great amounts of debt. Another problem is that aquaculture companies have 
been through many rounds of mergers and acquisitions, so there are only 63 of them 
in Greece, and of great size (total production surpasses 110.000 tons). Even if Time 
Flies could cover their needs, they could apply great pressure on our company (Food 
and Agriculture Organization of the United Nations, 2020). 
 
C) Producers of pet food. This is the most dynamic and complex market 
segment. The trend of pet humanization has led to a massive expansion of premium 
pet food globally and to products that some years ago could be characterized as highly 
ludicrous, like designer pet foods and keto diet-focused pet foods. But there is also 
demand for sustainable pet food, especially since some researchers concluded that 
pets’ diets can constitute up to 25%-30% of the environmental impacts from animal 
production. Larvae meal can work well with pet food extruders and could be partly 
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used to reduce the amount of meat contained in the final products. This market 
segment has lots of companies of various sizes, with the competition between them 
being cutthroat, something that is evident by the fact that the prices of non-premium 
pet food have been reduced in the last years. There is also great competition for the 
distribution channels. Multinational companies usually sell their products at 
supermarkets and the smaller ones at pet shops. Internet is another distribution 
channel, but because most of the times the pet food sacks are heavy, companies that 
provide delivery services charge high prices and the traditional distribution channels 
can effectively compete. There are six factories which produce pet food in Greece 
(Papadopoulos, 2020). 
 
 Frass / soil enhancer 
 
A) Farmers. Farmers could add the soil enhancer directly in the soil of their 
fields or greenhouses. The industry standards for the packaging of such products are 
sacks of 20 to 40 kilograms, big bags of 500 to 1000 kilograms and in bulk. Selling in 
bulk or in big bags means that there is no need to invest in expensive packaging 
equipment. In this case the company has direct control over the price. 
 
B) Agricultural supplies vendors. Time Flies could supply vendors with the 
product. This choice could be used at the first years until our facilities reach a 
production rate which can cover the needs of farmers. Limited production could give 
the impression that the soil enhancer is a premium product, so it can be sold for higher 
prices. High prices cannot be paid by farmers who face tough competition, but from 
hobbyists who would give some extra money for implementing their hobby. Vendors 
allow the company to access this market and generate more revenue from small 
quantities. Sacks of 20 kilograms are the best packaging solution, so the installation of 
packaging equipment is necessary. This strategy will come to an end if competitors 
produce frass in large quantities at some point.  
 
 Organic waste recycling 
 
A) Supermarkets and farmer’s markets. The company can process their 
discarded and spoiled food. This can also solve the problem of what to do when the 
“best before” date of a product passes. There is a debate and the one side considers 
that such products should be discarded and the other side supports the idea that they 
should be placed on special shelves in order for the consumers to understand that they 
buy a product that its “best before” date has passed and to be sold at lower prices. The 
first notion has the drawback that food that could be consumable is discarded, the 
second notion has the drawback that poor people buy such food, so it is classist. 
 
B) Food industries. Some food industry processes, like of juice production, 
sugar production and tomato canning factories, create many by-products. There are 
also some industries where a malformed product is a no-pass, like dough products. 
Usually, they are picked up by farmers to be used in animal husbandry (Klopfenstein, 
2001), and especially in the winter, when the inputs and the costs are higher due to 
the lack of grass. Various competitors of Time Flies state in their websites that the 
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primary source of feed for their insects are these. This is a fallacy and it is due to the 
lack of knowledge of production methods of their founders, if not a fraud in the 
making - vaporware, because food production by-products and malformed food are 
not discarded, so they are not waste, as it is frequently mentioned from various 
sources, but they are a commodity and are sold by the industries to clients. A very 
popular example are distiller’s grains, like beer pulp. The case in which insects are 
useful is the one of spoiled by-products unsuitable for use in animal husbandry, 
something that usually happens in the summer due to high temperatures.  
 
C) Breeders of productive animals. At the moment that this dissertation is 
written, the use of manure as feed for insects is forbidden in the EU, but there are 
some countries, like China, that allow it. If at some point this restriction is lifted, 
insects could feed on manure and greatly reduce the amounts of nitrogen and 
phosphorus that burden the areas where such installations operate. 
 
D) Restaurants and cafeterias. Both restaurants and cafeterias discard lots of 
food and used coffee grounds into the municipal dumpsters, which’s contents in most 
cases do not go through waste separation for recycle or composting but end up at a 
landfill (Krishna et al., 2017). This kind of waste could be excellent kind of feed for 
Hermetia Illucens larvae. The drawback is that this kind of waste must be kept 
refrigerated until its time of collection because a) of the odors b refrigerated space has 
costs for the store, both in terms of electricity and the opportunity to keep something 
else in its place which could make profit c) the volume of such waste is usually low, so 
to minimize costs and carbon footprint its collection will be carried on after 
arrangement with the owner  (McAdams et al., 2019). Someone could argue that 
refrigerators also have a carbon footprint but is not even comparable with the carbon 
footprint of a vehicle (Garnett, 2007). This contradicts the idea of moving the flies near 
the waste, but the aim is to avoid possible bad publicity and social outcry from keeping 
insects in a store where sanitation is a priority. If in the future consumers attitude 
towards ins. This contradicts the idea of moving the flies near the waste, but the aim is 
to avoid possible bad publicity and social outcry from keeping insects in a store where 
sanitation is a priority. If in the future consumers attitude towards insects change, 
Time Flies will be ready to install modules in such stores. The marketing and publicity 
services that Time Flies offers help to persuade the owners of such establishments to 
go through the refrigeration process. 
 
 Marketing and publicity services.  
These services are going to be provided to the suppliers of organic waste, as 
described above, to persuade them to recycle and keep waste de-commoditized.  
 
Product/service Possible clients 
Larvae Poultry farmers, fish farmers, pet food producers 
Frass Farmers, agricultural supplies vendors 
Organic waste recycling Supermarkets and farmers’ markets, food 
industries, breeders of productive animals, 
restaurants and cafeterias 
Marketing and publicity services Supermarkets and farmers’ markets, food 
industries, breeders of productive animas, 
restaurants and cafeterias 
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Table 2: Time Flies’ products and possible clients. 
Industry analysis 
Major competitors 
The following is a brief analysis of the competitors, in order to familiarize the 
reader with the industries involved (ICAP Group, 2020).  
The use of soybean meal as a benchmark outlines the competition that Time 
Flies faces. The two main categories of competitors are a) the major multinational 
agribusiness conglomerates that produce and trade soybean meal and their greek 
partners b) various greek and foreign companies which trade or produce rapeseed 
meal, cotton cake, cottonseed, sunflower meal and fishmeal. They usually are 
biodiesel production companies and the various cakes and meals are by-products. 
 
A) The four major conglomerates, which are also called “the ABCDs” of 
agribusiness are: 
 Archer Daniels Midland. A world leader in agricultural processing, in the 
production of soy meal and oil, corn for ethanol and sweeteners, wheat for 
bakery products. Headquartered in Chicago, Illinois, United States. ADM has 
approximately 40,000 employees and more than 330 food and feed ingredient 
manufacturing facilities. In 2018, its sales were 64.3 billion dollars. 
 Bunge. An international soybean exporter, grain trader, food processor 
and fertilizer producer. It is   headquartered in White Plains, New York, United 
States. Bunge has approximately 230 facilities and sales of 45.7 billion dollars in 
2018. 
 Cargill. It is an agricultural commodities trader, producer of feed, meat, 
steal trader, energy trader, fertilizer producer and financial services provider. It 
is the largest privately held corporation in the United States in terms of 
revenue, which was 114.7 billion dollars in 2018. It employs 155000 people. 
 Louis Dreyfus. It is a leading merchant and processor of agricultural 
goods like coffee, sugar, rice, cereals, oilseeds and sugar. The company controls 
about 10% of the world's agricultural product trade flows, is the world's largest 
cotton and rice trader and the second largest sugar trader. Its headquarters are 
in Rotterdam, The Netherlands. Its annual turnover is about 120 billion dollars, 
employs 22000 people. 
The Greek partners of the big four are: 
 Agroinvest S.A. Agroinvest S.A. is a company which produces and 
imports soybean meal, trades cereals, produces seed oils, biodiesel, glycerin, 
animal feed, fish feed and is also active in fish breeding. Its annual turnover is 
about 93 million euros. 
 Dimitriaki S.A. Dimitriaki is a trader of grains and vegetable proteins and 
a vessel’s chartering company with an annual turnover in 2018 of 155 million 
euros. It has a strategic alliance with Cargill. 
 Nitsiakos S.A. Nitsiakos S.A. is a corporation which’s main activity is the 
production of broilers. With this as footing, it has invested in many related 
activities such as import and trade of cereals and oilseed meals, production of 
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pet food and production of wheat flour. Its annual turnover is about 325 million 
euros. 
 Soya Hellas S.A. This company’s activities and assets include oilseed 
crushing, seed oils refineries, cereals handling and margarines/vegetable fats 
production with an annual turnover of about 293 million euros. 
 Soya Mills S.A. This company is active in the same fields as Soya Hellas 
S.A.. Its annual turnover is about 190 million euros. 
Β) Various greek and foreign companies which trade or produce rapeseed meal, 
cotton cake, cottonseed, sunflower meal and fishmeal, other than the 
aforementioned, are: 
 GF Energy S.A. A producer of biodiesel in Korinthos. In 2017 had a 
turnover of 29.8 million euros. 
 Karagiorgos Bros S.A. It owns twenty ginning mills and has an annual 
turnover of 93 million euros.  
 New Energy S.A. A manufacturer of biodiesel. In 2017 had a turnover of 
23.2 million euros. 
 Pavlos N. Pettas S.A. It is a company started its operations in 1947 as a 
soap manufacturer. Since then has expanded into various sectors, like oilseed 
crushing, margarine production, biodiesel production and production of biogas. 
In 2017 had an annual turnover of 167 million euros. 
 Triple Nine Fish Protein A/S. A danish company which is the biggest 
producer of fishmeal in Europe and one of the biggest in the world. It is 
dominant in the greek market.  
 Violar S.A. Owner of multiple cotton ginning mills and active in the trade 
of cereals and animal feed. Main competitor of Karagiorgos Bros. S.A.. It has an 
annual turnover of about 152 million euros. 
 Smaller producers and traders which supply local markets. Some of 
them are: Bioenergia S.A., Viozois S.A., Viozokat S.A., P&G Cotton Ginners S.A., 
Siarkos S.A., AgroHellas S.A. 
  
TIME FLIES’ COMPETITORS 
The ABCDs 

















Bioenergeia, Viozois, Viozokat, P&G Cotton Ginners, Siarkos, AgroHellas 
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Table 3: Time Flies’ competitors. 
Porter’s five forces model of competition 
A) Threat of substitute products/services 
Animal feed: The Hermetia Illucens larvae and their meal are mainly a 
substitute of soybean meal and fishmeal, and to a lesser degree to sunflower meal, 
rapeseed meal, cotton cake and cottonseed, because these byproducts are used as a 
protein source mostly for ruminants and at the moment that this dissertation is 
written, feeding insect meals to ruminants is not allowed by the European law. 
Nevertheless, they still play a great role in the pricing of protein in the animal feed 
industry. 
Soybean meal is the main substitute product of the insect meal, due to its 
unstainable production that offers advantage in pricing and due to the enormous size 
of its producers that can set prices globally. 
On the other hand, fishmeal prices are on the rise for the last ten years, and 
this is a trend that is going to continue because most fisheries are near collapse point. 
So, in the long run, there will be no fishmeal. 
Soil enhancer: The frass, the by-product of Hermetia Illucens breeding, has lots 
of substitute products, like chemical fertilizers and compost. In various industries, 
usually, the by-products are distributed locally and in prices nearly equal with the 
substitute product’s, in order to get the best price but without having any stock left in 
the end, and just as a complementary income for the business.     
Organic waste recycling: There is a substitute of this service, and it is the biogas 
reactor. These reactors use as inputs all kinds of organic waste, including manure 
(which is not allowed to be fed to insects) and fibrous plants (which are not loved by 
Hermetia Illucens), in any proportion, and they produce a gas that is used in the 
production of electricity. The disadvantage of this method is that it needs a great 
amount of capital to be built.  
Marketing and publicity services: There is a chance that the business owners 
would like to offer this kind of services from themselves to themselves. Modern 
advertising platforms are easy to use and probably even an amateur could create 
content for marketing reasons. There are also other technology-related ways for the 
owner of a business to communicate their message, like blogs, vlogs and content 
syndication from RSS feeds. 
 
B) Bargaining power of suppliers 
Time Flies has two kinds of suppliers: suppliers of equipment and suppliers of 
organic waste. There are numerous suppliers of equipment, such as electronic parts 
and bagging machines, so they do not have any special bargaining power over Time 
Flies. There are some industrial equipment companies, like Buhler and Andritz, which 
have built equipment specifically for the production and handling of insect meals and 
try to sell them more expensive than the common ones. But Time Flies’ model of 
production is based on open design and local manufacturing, so there is no need for 
this kind of equipment. 
The organic waste suppliers have a great amount of bargaining power over the 
company. At the moment, organic waste, which is clear of other kind of impurities, like 
the water from the production of feta cheese, is used in animal husbandry, so there is 
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no source of unused waste that could be used. The company must build its own 
stream, by creating a network of business which produce waste that ends up in 
landfills.  
 
C) Bargaining power of buyers 
The buyers of Time Flies’ products and services, like poultry farmers, fish 
farmers, pet food producers and agricultural supplies vendors have some bargaining 
power over the company, especially because of their size. But because the company is 
a start-up with limited resources, its main product is innovative and at the beginning 
the production capacity will be low, a strict no-credit policy will be applied and the 
smaller buyers near the company’s location will be preferred.   
Many conglomerates at some point will set up their own facilities, turning them 
into competitors or just to no-buyers, something normal as the years will pass and the 
market will start to mature. 
 
D) Rivalry among current competitors 
At this moment, most of the competitors are still struggling to set up industrial 
procedures and scale up their production, so we can effectively consider that all of 
them have the same size and are beginning to become numerous. Also, their main final 
product, insect meal, has no differentiation. These factors suggest that there will be 
high rivalry among current competitors as production capacity will grow.  
The greatest threat, as it was stated above, are the companies which produce 
soybean meal. The entrants of the industry must be prepared for strong backlash. At 
this point the reader could conclude that these companies are, without any 
exaggeration, of titanic size and with absolute power on their markets. A possible 
problem comes to the surface: even if alternative protein sources can compete 
soybean meal prices now, the ABCD’s partners will be able to lower theirs by 
expanding further into tropical forests and turning them into farmland. A fan of the 
Institutionalist school of economic thought could also argue that prices are just set 
from the corporations with the highest capitalization in order to achieve their goals, 
like in this case (Brinton, 1975). Thus, the ABCDs can wipe out any competition in 
alternative proteins whenever they want if the governments and the citizens remain 
indifferent to the matters of food security and environmental protection. 
 
E) Risk of entry by potential competitors 
The newly found and promising industry of insect breeding attracts many 
entrepreneurs and investors, and someone could say that this will increase as the 
sector becomes more well known. The writer believes that this risk is high, because the 
capital requirements are not too high, there are no switching costs for the customers, 
and it is not known yet if there are economies of scale in insect breeding. Time Flies, 
with its business model that is based upon the decentralized production base, and its 
people who have deep knowledge of the market and experience in industries with thin 
profit margins, will prove resilient over time and will be able to fend off any new 
entrants.  
The overall conclusion of the Porter analysis is that the power of established 
competitors is very high, but the company’s products are innovative and have serious 
advantages that a possible client should take into consideration if they desire to 
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become leaders in their field, and at some point in the future, these specifications that 
the company offers today, non GMO and sustainable production, will probably become 
the industry’s standard. Time Flies should create its own narrative and not come into 
direct confrontation with its competitors until the company, and the industry, reach 
the critical mass that is needed to survive in the long term. Another conclusion of the 
analysis is that the stream of wastes plays a significant role and the company should 




Low capital requirements 
Skilled and motivated team 
Wide range of customers 
 
WEAKNESSES 
Lack of capacity  
No biotech dept./selection/gene modification 
No reputation yet 
OPPORTUNITIES 
New Green Deal 
Climate change 
Increased environmental awareness 
 
THREATS 
Strong competition from substitute products 
Strong competition for raw materials/waste 
Environmental politics 
vegetarianism/veganism 
Sudden change of laws/regulations 




 Innovative products. Insect meal and soil enhancer from frass are two products 
that have not been launched at all in Greece, and only in a very small semi-
industrial scale in a few other countries.  
 Low capital requirements. The construction of the modules and the stream of 
raw materials for production require low capital investment. 
 Skilled and motivated team. The founders of Time Flies and the board of 
directors have strong professional and academic background and they strive for 
success. 
 Wide range of customers. Possible company customers are breeders, farmers, 
agriculturalists, pet food producers, food companies, feed companies, 
greenhouses, supermarkets and farmers’ markets. Thus, if an industry is in 
cyclical recession phase, the cashflow will not be affected crucially. 
 
B) Weaknesses 
 Lack of capacity. Time Flies will start dynamically but production capacity 
increase is a hard task, because the input of wastes needs permanent 
collaborators that provide them to the company. It is safe to say that network 
building will take time and will restrict capacity. 
 Lack of biotech department.  There is a possibility that Hermetia Illucens future 
will include genetic selection or modification to alter some characteristics of 
the species, like maximum larvae weight. The company does not have the 
know-how to create and run such a department.  
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 No reputation yet. Time Flies products and services are innovative, but they 
lack recognizability and many possible clients could just avoid them and 




 New Green Deal. European Union’s new policy will give a boost in the cyclical 
economy and will provide motives to participate in it. Time Flies will be 
favored, maybe with cheap credit or subsidy, because it is a part of the cyclical 
economy.  
 Climate change. Climate change is a reality and as more and more people 
realize it, the company will gain strong social support which will be translated in 
higher sales. 
 Increased environmental awareness. The problem of deteriorating 
environment and degradation of natural resources, which directly affects 
human survival, is becoming apparent and it is expressed on a 
social/governmental level (for example laws against disposable plastics). As 
stated above, this will increase sales.  
 
D) Threats 
 Strong competition from substitute products. Substitute products are the 
industry’s standard and the companies that produce them have the size and 
the resources to protect their market share. 
 Strong competition for raw materials/waste. Organic waste, and more 
specifically organic waste after sorting, is beginning to become a sought-after 
input, because it can be used in multiple procedures like energy production, 
feed production and food production.  
 Environmental politics. There are rich countries which do not have 
environmental protection in their priorities, like Australia or USA. There is no 
guarantee that European Union will not change its politics and follow their 
paradigm in order to stay economically competitive.  
 Vegetarianism/veganism. If such trends continue to rise and make an impact, 
meat consumption is going to decrease and Time Flies’ clients are going to take 
a hit. 
 Sudden change of laws and regulations. As the insect breeding industry 
matures, there will be changes in laws and regulations, due to pressure from 
lobbies, scientific advances, biosecurity and hygiene reasons, unforeseen 
developments etc.. These aspects could render procedures and equipment 




Time Flies will be launched by two founders. The board of directors will be 
composed by university professors whose field of expertise is relevant to the business 
and by professionals who are active in the agricultural sector. 
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The founders 
 Theodosios Siakkas, President, CEO and COO. Mr. Siakkas is the owner of a 
second-generation family business in the animal feed industry for the last ten 
years. He has a degree in Business Administration from the University of 
Macedonia, a MSc in Sustainable Agriculture and Business from the 
International Hellenic University and a Quality Management Systems Lead 
Auditor certification from the University of Piraeus. 
 Athanasios Tsiatzios, Vice-President, CTO and CIO. Mr. Tsiatzios  is an Electrical 
Engineer with twelve years of experience in the industrial production, electrical 
installations and automations. His main professional interest is industry 4.0 and 
more specifically the industrial internet of things (IIOT) and smart 
manufacturing. 
 
The fixed equity is going to be split as follows: 60% to Mr. Siakkas, who is the 
CEO and the one with the initial idea and 40% to Mr. Tsiatzios. 
 
Additional corporate management and personnel. 
 
The company is going to hire a CFO to manage financial operations and the 
possible influx of investors’ capital. The candidates will be proposed by the directors or 
from a possible investor. After three months, a human resources manager will be hired 
in order to manage the increase of the personnel. As the company grows, the need for 
crew that services the modules (acquiring the larvae, sanitation etc.) is going to 
increase, and the goal is to hire one extra employee per month for the first six months. 
Two entomologists, two administration assistants, an electrician and three material 
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Table 5: Total employees and recruiting plan for the first six months. 
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Board of directors/advisors.  
The founders need direction in matters of entomology and in how to grow a 
business. Potential members of the board, plus any significant equity holders, are:  
 Dr. Amalia Kati, Aristotle University of Thessaloniki, School of Agriculture. 
Lecturer of entomology. Dr. Kati is going to be the advisor for matters of 
entomology. 
 Dr. Stavroula Laspita, International Hellenic University. Professor of business 
strategy and innovation. Dr. Laspita is going to help the founders to grow their 
business and with various aspects regarding the startup nature of the business. 
 Vassilios Sotiriou, General Manager, Sotiriou winery. Mr. Sotiriou is a graduate 
of the International Hellenic University and the owner of a winery with a very 
good reputation in product quality. His experience with elaborate food 
production processes are going to be proved valuable. 
 George Bizos, Brand Manager, Pneuma olives and olive oil. Mr. Bizos will help 
us create a unique identity to avoid the commodification, which will mean 
cheaper prices, of our products. 
 
Marketing strategies 
Time Flies will use the following tools to communicate its products and services 
to possible clients.  
 
A) Product 
The main product of the company is the larvae. During the first couple of years, 
as it was described above, they are going to be sold alive. When the financials are 
sound, there will be an expansion to manufacture dried larvae meal, which is going to 
have the brand name “Skymeal”, in order to differentiate it from other meals and 
cakes and to help communicate its other properties, which include non-GMO, 
hypoallergenic and friendly for the environment. The byproduct, the frass, is going to 
be branded as “Soilmeal”, in order to differentiate from manure, foliage and other 




There is not plenty of room for dynamic prices of the products, because in the 
case of proteins there are established price points which are set from commodity 
exchanges, like the Chicago Board of Trade (CBOT) and the Deutsche Börse/Eurex 
(DBAG/EUREX). This also means that there is no need for discounts, as the industry 
players know the price at any given time, and they hedge against price spikes. Thus, 
the company has a small window of opportunity to set slightly higher prices due to the 
fact that offers some extra advantages in relation with the competitive products, but 
only to clients that truly need these aspects and would like to pay a premium. Frass is 
going to be priced as a premium product due to its high organic matter content, which 
is in permanent deficiency in Mediterranean soils (Bottner et al., 1995).   
 
C) Place 
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The company will be located in section C of the industrial area of Sindos, 
Thessaloniki, where there are available professional spaces suitable for Time Flies’ 
activities and in compliance with the current legislation, for a cost of 3€ per square 
meter. The big advantage of this location is the existence of food companies (like 
breweries, dairies etc.) that produce organic waste that is needed for the company’s 
production activity.  
Animal husbandry is an industry of cutthroat competition where buyers of the 
products, especially supermarkets, have a great deal of bargaining power. So, it is not 
possible to use intermediaries for the distribution of the larvae because the final price 
will be not competitive. At first, Mr. Siakkas will act as the company’s sales 
representative, to sell directly to the users of the product with the help of logistics 
companies located nearby. Frass is going to be distributed in agronomic shops, 
because local agriculturalists know better the needs of soil in their area.  
 
D) Promotion 
Time Flies’ products aim at businesses, so media of generic promotion like 
advertisements on television and radio will not be used. In chronological order, the 
means of promoting the products and services will be: 
 Sales representatives, as already mentioned. 
 The next step will be the participation in the trade fairs of Agrotica and 
Zootechnia in Thessaloniki, which are biannual events of great significance for 
the industries of agriculture and animal husbandry and attract a large but also 
quite specific audience. The cost to participate is about 5.000€ per stand. 
 Industry press is a media that could play a significant role, as it is aimed at 
targeted audience. Some promoted articles could create a positive buzz. The 
price for a single advertisement in a nation-wide magazine is 150€ on average. 
 A specialist in search engine optimization will be hired, through outsourcing, to 
create a strategy for the social media and optimize search engine results in 
order to attract clients. Linkedin seems to be the appropriate platform for the 
company’s needs. If Time Flies hires a contractor and not a dedicated 
employee, the cost for basic services is 350€ per month. 
 Word of mouth, especially for the byproduct, frass, amongst the farmers, will 
play an important role. Public relations will try to enhance this effect. 
Nevertheless, PR requires a lot of resources, which Time Flies cannot allocate at 
the beginning, and specialists which possibly it cannot attract. This choice will 
be used when the business is sound and has gone through the valley of death. 
 The last method of promotion will be the use of social media which target the 
consumers of our clients’ final products. Advertisements in Facebook and 
Instagram, with the use of influencers, will exercise pressure on consumers to 
use the products and services in order to achieve a sustainable lifestyle. This is 
going to be a long-term campaign which will target the residents of big cities. 
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The experimental part 
In this part of the dissertation, there is a detailed description of the module’s 
construction and of the experiment itself. 
Construction 
A box was constructed by polystyrene (thickness: 2.5 cm). Toothpicks and 
silicone were used as binders. The box inner dimensions were 50 cm height, 50 cm 
width and 60 cm length. At 50 cm length, a mosquito net with an opening was installed 
in order to create an inner space of 50x50x50 cm (Fig. 1). The top of the box was made 
of glass instead of polysterene (Fig. 2). Simple glass was chosen instead of plexiglass to 
ensure UV radiation would pass through. A small space in front of the net was used to 
put the humidifier and the DIY heater/cooler. The heater/cooler was built with a 
Peltier thermoelectric element, a heatsink, a fan, a water pump and a tube (Fig. 3 and 
4). Depending on the environmental temperature, the side with the fan was emitting 
either hot or cold air by changing the polarity of the electrical current. The front 
opening was sealed with a removable piece of polystyrene. 
Two led 6500k floodlights, one of 10 watts (Fig. 5a) and one of 50 watts (Fig. 
5b), were used as sources of light and were mounted on a metallic rod with a disc plate 
as its base (Fig. 7 and 8). Two sources of light were used instead of one in order to 
simulate dawn, high noon and dusk. Then, the electrical panel was assembled, aka 
“The Warden”. The Warden creates and maintains optimal conditions for the insects 
without any human intervention. The various electrical components were assembled in 
the appropriate box (Fig. 7, 8 and 9). The humidifier (Fig. 10) and the heater/cooler 
were put at the outer side of the net (Fig. 11). When construction was completed, the 
module was tested for a period of two weeks (Fig. 12). The conditions were 
automatically controlled and monitored with the eWeLink application, which allowed 
remote and manual control if needed.The Panopticon was placed inside a warehouse 
in the rural area of Nea Malgara, Thessaloniki. The entrance of the box, even though it 
was sealed, was placed to the south and near a wall (Fig. 14). 
 
Panopticon Module v0.1 
Materials  Cost (€) 
Polystyrene sheet 5 € 
Mosquito net 1 € 
Glass 8 € 
Silicone 4 € 
Led floodlight, 10W 6500k 8 € 
Led floodlight, 50W 6500k 18 € 
Metal rod - 
Disc plate - 
Paint 1 € 
Sonoff wi-fi smart switches TH10 with 
temperature and humidity sensors (3) 
35.19 € 
Peltier thermoelectric element TEC1-12706 2.66 € 
AC80V-260V 100A digital power meter 11.33 € 
Current transformer 15 € 
Small fan 1.5 € 
Box for electrical components 18 € 
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Relays (3) 4.5 € 
Automatic fuses (2) 5.78 € 
Toothpicks 0.5 € 
Air humidifier 12.67 € 
Socket time switches (2) 6.6 € 
Power strip 3 € 
Aluminum heatsink 1.88 € 
Tube 0.4 € 
Water pump 5 € 
Total: 174.51 € 
Table 6: List of materials and their cost. 
 
             
Fig. 1: The box with the net and the opening. In the front of the net, there is a space of 10cm in length. 
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Fig. 2: The upper side of the box, where a glass was placed and glued. 
 
 
Fig. 3: Testing phase of the heater/cooler, September 2019. The water circuit removes the heat when 
the side with the fan radiates cool air.  
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Fig. 4: Peltier thermoelectric element and heatsink. When a peltier element is powered, one side is 




Fig. 5: 6500k floodlight, with Samsung leds;  a)10 watts; b)50 watts 
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Fig.6: The rod and the disc plate that consist the floodlights’ foothold; a) after welding; b) after painting. 
These materials were going to be discarded and were reused in this way. 
 
 
Fig. 7: Sonoff wi-fi smart switches TH10 with temperature and humidity sensors.  
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Fig. 8: Time switches and power strip. Simple time switches control photoperiod and the intensity of the 
light. 
   
 
  -31- 
 
Fig. 9: The Warden powered and online. The blue lights signify that the smart switches are connected to 
the local Wi-Fi network. 
 
 
Fig. 10: Humidifier with a 250 ml capacity of water. It emits a very thin spray and filters the water that 
passes through it. 
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Fig. 11: The humidifier and the heater/cooler. The small black fan on the heatsink was always working, 
even when the peltier module was not, in order to have constant circulation of air. 
 
 
Fig. 12: Testing phase of the module, September 2019. 
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Fig. 13: a) eWeLink application a) first tier interface, where the three functions of the Warden can be 
seen; b) second tier interface, where the desired conditions are set as variables and can be exact points 
or intervals. 
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Fig. 14: The Panopticon minutes after its decommission, 29.11.2019. Even though it was sheltered from 
rain, the temperature in the warehouse was the same as the outdoor temperature. 
 
Method 
Οn 29 September 2019, 3520 Hermetia Illucens larvae (total weight: 500 grams) 
were placed into organic waste (Fig. 15). The organic waste comprised of spoiled 
animal feed -mostly corn, barley and wheat, and byproducts of cereals like wheat bran 
(Fig. 16). 
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Fig. 15: Fresh feed (yellowish) and old feed turned to frass (brown) inside a green container, placed 
inside another container. The green container had a small hole for the larvae to jump out. The pink-
brown material inside the big container is wheat bran, used to stop larvae from escaping the container 
by reducing their ability to climb. 
 
 
Fig. 16: Spoiled animal feed, obtained from a feed production plant. It is comprised of feed spoiled by 
humidity or dropped on the floor.  
 
On 17 October 2019 the first larvae jumped out of the feed. This is a 
characteristic behavior of the larvae prior to pupation. At this stage, the larvae seek a 
dark and dry place to start the procedure (Park, 2016). From this date, the larvae at 
pre-pupal stage were collected every three days and each batch was put inside a 
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unique numbered container. In total, the larvae were collected 13 times in 13 separate 
containers (Fig. 17). The feeding of the larvae lasted 45 days.  
 
 
Fig. 17: Batches of larvae/pupae, December 2019. 
 
The containers were put inside the Panopticon module. At this time, the 
module was not powered but offered protection from cold as it was insulated. On 24 
October 2019, the first adult insect emerged. At that day the module was powered and 
programmed to create conditions of humidity between 70%-75%, temperature 
between 27-29 degrees Celsius and a photoperiod of 12 hours of light and 12 hours of 
darkness. Of the 12 hours of light, the first hour and the last hour only the small 
floodlight was working, to simulate dawn and dusk.  
After seven days, the density of insects inside the box reached the point where 
the mating should start (Hoc et al, 2019), but this did not happen. A decision was made 
to wait for three days. As these days passed, the insects were still not mating, even 
though density was increasing. As a first step, the photoperiod was changed, into 16 
hours of light and 8 hours of darkness. Three more days passed without any results. At 
that point, it was decided to place in the module a sugar water immersed cotton ball, 
in order to provide energy to the insects without drowning them. Another three 
fruitless days passed. Next, the lights were moved from the center of the box towards 
its northern wall, for the insects to have direct eye contact with them while resting. 
After 20 hours, the first eggs were laid in the carton cells that were put inside the box 
for this reason (Fig. 18). 
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Fig. 18: Eggs inside the carton cells. The eggs are the yellow-white mass that fills some of the cells. Every 
cell contains 500-1000 eggs.  
 
The cartons inside the box were replaced every three days. The removed 
cartons with the eggs were placed in a small container with fresh feed, for the newly 
hatched larvae to drop into the feed. The density of the insects stayed at desired levels 
for another fifteen days. Five days after the egg-laying stopped, the module was put 
offline on 29 November 2019. The last of the adult insects died on 4 January 2020, 
meaning that some insects reached their maximum lifespan of 40 days when fed sugar 
water (Park, 2016). 
The power consumption of the module was measured daily (Table 7). In 37 
days of operation, the consumption of electricity was 53220 Wh with an average of 
1478.3 Wh per day. Because of the photoperiod change at day 15, there is an increase 
in energy consumption. The average energy consumption of days 15 to 36 was 1568,65 
Wh. From this fact it is understood that most of the electricity was consumed by the 
heater. 
 
Day Consumption in Wh Day 
 
Consumption in Wh 
1 1110 19 1573 
2 932 20 1644 
3 1453 21 1727 
4 1601 22 1444 
5 1499 23 1621 
6 1439 24 1511 
7 1451 25 1540 
8 1324 26 1479 
9 1295 27 1617 
10 1402 28 1721 
11 1341 29 1573 
12 1159 30 1327 
13 1344 31 1673 
14 1360 32 1429 
15 1696 33 1562 
16 1560 34 1493 
17 1674 35 1482 
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18 1591 36 1573 
TOTAL: 53220 
Table 7: Consumption of electricity per day. 
 
Another parameter that affects energy consumption is ambient temperature. 
The correlation coefficient between them, from day 15 to day 36 for the same reasons 
mentioned above, in this case is 0.497, which indicates low to moderate correlation 
(Table 8). This implies that the module was insulated to a satisfactory degree. Even 
though in general correlation does not imply causation, due to the fact that the other 
electricity consumption affecting parameter are the lights that drain the same amount 
of energy every day, it is concluded that the variability comes from the operation of 
the heater. The amount of energy that the humidifier consumes is negligible. The total 
use of water was 1.6 liters with an average of 44.44ml per day. 
 
Day Consumption in Wh Temperature in °C 
15 1696 16.8 
16 1560 14.7 
17 1674 15.7 
18 1591 13.9 
19 1573 16.8 
20 1644 16.6 
21 1727 15.7 
22 1444 14.7 
23 1621 14.3 
24 1511 13.7 
25 1540 15.7 
26 1479 14.9 
27 1617 16.9 
28 1721 15.1 
29 1573 14.3 
30 1327 13.3 
31 1673 13.4 
32 1429 13.9 
33 1562 12.6 
34 1493 12.7 
35 1482 13.6 
36 1573 15.1 
COREL: 0.497303 
Table 8: Average ambient temperature, electricity consumption and their correlation coefficient for 
days 15 to 36. 
 
Every container was filled with wheat bran of 1 cm in depth and was kept inside 
the module. As a separate trial, in container 13 no wheat bran was added, and it was 
kept outside the module. After the colony died, the containers were removed from the 
module and the cocoons were counted. On 10 January 2020, all the insects and their 
derivatives were discarded for hygiene reasons. 
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Results and discussion 
In the first phase of the experiment, the feeding of larvae, from 3520 
individuals only 7 perished inside the feed (mortality rate of 0,198%). In the egg-laying 
phase, 49 carton cells of eggs were collected, in a total of 24500 to 49000 eggs 
(Nakamura et al., 2016).  
The emergence rate of adult insects from the containers varied (Table 9). There 
was reduced emergence from containers 7 to 12. There are two assumptions what 
affected the insects; a) the increased photoperiod, b) the weather, as winter 
progressed, got colder during the feeding of larvae. The feeding container was kept at 
outdoor temperatures. If the first reason is valid, a different way of putting pupae in 
the Panopticon must be found, like a separate chamber without any lights in the 
Panopticon that pupae are placed in until they emerge. If it is caused by outdoor 
temperatures, the feeding larvae must be kept under controlled conditions, something 
expensive and probably a disruptive factor to the proposed model. 
Container 13 was a separate trial. It contained the last larvae that jumped out 
of the box and the biggest (Fig. 19), possibly because they were fed for a longer time 
until they reach the pupation stage. It also had the lowest emergence rate, and until 10 
January there were 10 larvae which had not turned into pupae. This could be 
attributed to the lack of substrate. 
 
Container# Population Emerged Not emerged Emergence 
1 480 400 80 83.33% 
2 230 174 56 75.65% 
3 292 265 27 90.75% 
4 174 136 38 78.16% 
5 377 272 105 72.15% 
6 277 233 44 84.12% 
7 271 168 103 61.99% 
8 168 112 56 66.69% 
9 272 120 152 44.12% 
10 307 172 135 56.03% 
11 343 198 145 57.73% 
12 172 127 45 73.84% 
TOTAL 3363 2377 986 70.68% 
13 150 15 135 10.00% 
FIANL TOTAL 3513 2392 1121 68.09% 
Table 9: Emergence rates for every container and in total.  
 
   
 
  -40- 
 
Figure 19: The biggest larvae that was observed, 24mm in length. 
 
After the emergence of adults, the mating and egg-laying phase started, which 
should have started earlier (Sheppard et al., 2002). It was proved that the insects must 
be able to have direct visual contact with the light source.  
The eggs that were acquired were put inside containers with feed -which in 
their turn were placed inside Panopticon-, for the newly hatched larvae to drop in. This 
did not happen as the eggs did not hatch. Because the experiment was halted at this 
point, there are two factors that require further research: 
a) Illumination. This factor assumes that the eggs were infertile. The 6500k led 
lights emit in a spectrum appropriate for the mating of Hermetia Illucens (Oonincx et 
al, 2016), but it is not identical to daylight. There are combinations of led lights that 
have been successfully used in some studies (Oonincx et al, 2016; Hoc et al., 2019), but 
they are far too expensive and out of the purposes of this experiment, were the goal is 
to use affordable equipment. An assumption that could be made is that the LED lights 
that were used did not have the specifications that the manufacturer claims to have, 
as they were not tested with a photometer. A second factor could be the position of 
the lights and the way that they were casting shadows. In a future iteration of the 
experiment, a different position of the light source could be tested, where it would be 
placed higher and in an angle that would be visible from more places inside the box. It 
has to be mentioned it is the first time that illumination is done this way. In other 
studies (Zhang et al., 2016; Nakamura et al., 2016), there are nets -not walls- which are 
transparent so there are no problems with shadows and angles. A third assumption is 
that the Color Rendering Index (CRI), the ability of artificial lights to accurately 
reproduce colors, of the lights that were used was not high enough. In a study (Zhang 
et al, 2010), halogen lamps that have a CRI of 100 were used successfully for the 
breeding of Hermetia Illucens. Typical LED lights have a CRI of 85 (Rea and Freyssinier‐
Nova, 2008). 
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b) Inappropriate conditions for the hatching of eggs. This factor assumes that 
the eggs were fertile. Even though the optimal conditions for the hatching of eggs are 
the same as the conditions that were created in the Panopticon (Chia et al., 2018), 
there is a chance that the eggs dried. This conclusion derives from the observation that 
the feed surface below the cartons was getting a crust after a few days. If this 
assumption is true, there is the need for a separate module without lights and with 
better circulation of air for best humidity control. 
During the experiment, there were some trivial matters which were not of a 
great significance due to its limited running time but would develop into problems if 
needed to run constantly. More specifically: 
-The insects excreted a yellow substance which stained the walls of the 
module. 
-The odors inside it could be characterized as strong and repellent. 
-Red mold appeared on the sugar water immersed cotton ball (Fig. 20). 
-Irritation of eyes when running maintenance on the feeding container from 
gases due to the decomposition of feed.  
-Lack of space inside the Panopticon hindered its cleaning and tidiness.  
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